Although the modified Young's equation is frequently applied to evaluate the line tension of droplets, debate concerning the value and even the sign of the line tension 
I. INTRODUCTION
Over the past two decades, increasing effort has been spent on understanding the behaviour of droplets because of their use in a variety of engineering applications, such as ink-jet printers, spray cooling, spray combustion, and surface coating 1, 2 . Most recently, research interest in nanodroplets has grown because these have their own specific wetting and evaporation properties [3] [4] [5] . Nanodroplets can provide a confined environment for nanomaterial synthesis and form novel nanostructures through liquid transition. 6, 7 .
The wetting of droplets of any size on solid surfaces is a fundamental phenomenon.
Generally, the contact angle between the liquid-vapour interface and the solid surface is used to describe the wetting property. From a mechanical point of view, the contact angle is a balance between the surface tensions (defined as the excess free energy per unit surface of an interface separating two phases) of the solid-vapour (γ sv ), the solid-liquid (γ sl ), and the liquid-vapour (γ ∞ ) interfaces. This balance is described by the well-known Youngs
where θ Y is Young's contact angle at equilibrium. Although Young's equation has some limitations, such as the absence of a force balance in the direction normal to the solid surface, it has been generally accepted as describing the equilibrium wetting properties of droplets on planar, smooth, homogeneous surfaces at the macroscale 9,10 .
At the nanoscale, the validity of Young's equation remains an open question [11] [12] [13] . There is evidence that the contact angle of nanodroplets on planar, smooth, homogeneous surfaces could deviate significantly from that predicted by Young's equation 12, [14] [15] [16] . A reason proposed for this is that the wetting of nanodroplets is not only determined by the balance of surface tensions, but also by the tension of the line where the three distinct phases meet. By analogy with surface tension, line tension is defined as the excess free energy per unit length of a three-phase contact line 17 . As the size of a droplet decreases, the relative proportion of molecules in the vicinity of the contact line increases, so the effect of line tension becomes more important. To take this into account, Young's equation has been modified to 18 ,
where θ is the contact angle of nanodroplets, τ is the line tension, and a is the radius of In this paper, we employ MD to simulate three-dimensional nanodroplets on platinumtype surfaces for both hydrophobic and hydrophilic cases, and we obtain the apparent line Our results demonstrate that the modified Young's equation is a useful tool for predicting the macroscopic contact angle based on a linear fit of the measured contact angles at the nanoscale, although the line tension used in the modified Young's equation is the apparent value instead of the pure line tension.
II. SIMULATIONS AND METHODOLOGY
Molecular dynamics (MD) simulations are performed of 3D water droplets on platinumlike surfaces using the mdFoamPlus solver 31 within the OpenFOAM software, which can be downloaded freely at www.github.com/micronanoflows. The mdFoamPlus solver, which is an advance on the mdFoam solver, is a highly parallel MD code written by the authors and their collaborators. It has been validated for a variety of micro/nano flows and multiphase flows, especially droplet wetting and evaporation [32] [33] [34] [35] .
To prepare the pre-equilibrated water droplet, we first set up a cubic simulation box of sides 20 nm, and put a small cubic box containing a certain number of water molecules in the middle of the whole region. The system is controlled at 300 K using Berendsen thermostat and is run for 2 ns, and the water cubic box gradually becomes a sphere shape to reach a minimum energy state. In our work, five different sizes of droplets containing 2744, 4128, 5832, 8000, and 12167 water molecules are investigated, and the equilibrated sphere radii are 2.66 nm, 3.05 nm, 3.42 nm, 3.80 nm, and 4.37 nm, respectively. After getting the preequilibrated water droplets, we put it on the platinum surface, as shown in Figure 1 The water-platinum interactions are based on LJ pair potentials between the oxygen atoms and the platinum atoms. The potential parameters are determined using LorentzBerthelot mixing rules, i.e.
where λ is a parameter used to adjust the interaction strength and hence the wetting properties. In our simulations, we choose λ to be 0.10 or 0.25 to simulate a hydrophobic surface or a hydrophilic surface, respectively.
A cell-list algorithm is used for computing pair potentials, and the Velocity Verlet algorithm is employed to update molecular velocities and positions with an integration time step of 1.67 fs. Previous studies showed that a cutoff radius of 1.2 nm without Ewald sums can provide acceptable accuracy with computational efficiency 15, 32, 33 , and so it is adopted in this paper. The full MD system is first run for 2 ns to produce the nanodroplet spreading on the surface and reach an equilibrium state. Then the simulation is run for another 2 ns of averaging time in order to measure the density contours and the equilibrium contact angle.
We 
III. RESULTS AND DISCUSSIONS
We study both hydrophobic and hydrophilic cases by choosing specific parameters for the water-platinum interaction strength, as explained in the previous section. 
A. Effect of the Tolman length
The straightforward way to determine the line tension is using the modified Young's equation. Similar to previous MD studies 15, 16 , we show the relationship between the cosine of the contact angle and the curvature of the contact line that our MD results produce in It should be noted that the characteristic radii of the water droplets at equilibrium in our simulations are several nanometers. At such a small scale, the effect of the curvature on the liquid-vapour surface tension becomes important, and this results in the surface tension of a droplet deviating from its planar value. According to previous theoretical analyses and experiments, the curvature-dependent surface tension can be written as follows (and neglecting other terms above the first order) 39, 40 :
where R is the droplet radius, γ ∞ denotes the liquid-vapour surface tension of a complete flat surface, and δ T is the Tolman length. Replacing the surface tension of a flat surface γ ∞ used in Eq. (2) by the curvature-dependent surface tension γ lv (R) defined in Eq. (5), we
It can be seen that the line tension τ in Eq. (2) is replaced by τ * − δ T γ lv sin 2θ Y in Eq. (6).
Therefore, we can still use a line fit to the relation of the cosine of the contact angle to the curvature of the contact line; the only change is that the slope of the fitting line is it is not a pure line tension; our aim here is to study how the Tolman length affects the measured line tension, rather than to obtain a value of the pure line tension.
By comparing Eq. (2) and Eq. (6), a simple relationship between the modified and apparent line tensions is
Despite The maximum relative error between the apparent and modified line tensions is up to 232%
for the case of water on graphene with a contact angle of 148.2
• . In such cases, the effect of the Tolman length needs to be considered for the evaluation of line tension.
All the data, including our results, presented in 
B. Effect of the solid-liquid dividing interface
Even for water droplets on graphite surfaces, the line tensions reported by different research groups using MD are quite scattered, and are either positive or negative 15, 26, 27 . Besides the Tolman length, the position of the solid-liquid dividing interface might be an important factor for the scattering of the measured line tension. In this subsection, we choose different solid-liquid dividing interfaces and check how these change the contact angle and the line tension. As illustrated in Fig. 4 , the solid-liquid dividing interface is set at To determine the pure line tension, the effects of the Tolman length and the position of the solid-liquid dividing interface must be taken into account simultaneously. Schimmele et al. 28 gave a theoretical formula considering these effects as follows,
where τ is the pure line tension, and 
